This Resource Letter is designed to guide students, educators, and researchers through (some of) the literature on black holes. We discuss both the physics and astrophysics of black holes. We emphasize breadth over depth, and review articles over primary sources. We include resources ranging from nontechnical discussions appropriate for broad audiences to technical reviews of current research. Topics addressed include classification of stationary solutions, perturbations and stability of black holes, numerical simulations, collisions, the production of gravity waves, black-hole thermodynamics and Hawking radiation, quantum treatments of black holes, black holes in both higher and lower dimensions, and connections to nuclear and condensed-matter physics. On the astronomical end, we also cover the physics of gas accretion onto black holes, relativistic jets, gravitationally red-shifted emission lines, evidence for stellar-mass black holes in binary systems and supermassive black holes at the centers of galaxies, the quest for intermediate-mass black holes, the assembly and merging history of supermassive black holes through cosmic time, and their affects on the evolution of galaxies.
I. INTRODUCTION
The status of black-hole physics has changed dramatically since the publication of the first black-hole Resource Letter, ref. below. The observational evidence for black holes is now plentiful and strong. Moreover, black holes have progressed from a curiosity of mathematical physics to a tool for building or studying models in other branches of physics. Examples range from feedback mechanisms that may control the formation and evolution of galaxies (see refs. 66, 67) to stringtheoretic connections to nuclear and condensed matter physics (see refs. 36, 150, 151) . Nevertheless, black holes remain fascinating objects in their own right that may yet divulge deep clues to further revolutions in fundamental physics.
We have endeavored to provide a guide to this extraordinarily diverse literature, and to include resources at a variety of levels. Some advanced resources will require additional specialized knowledge of general relativity, astrophysics, or quantum-field theory. We hope that bringing together many levels of material will allow students of black-hole physics to find the right entry point for their background and teachers of black-hole physics to extract useful material for their courses.
Given the breadth of our subject, it is impossible to be complete. We have by no means attempted to do so. Experts will find many of their favorite resources, and perhaps even their favorite topics to be missing entirely. We have concentrated on a "few" review articles and seminal papers, though we have tried to include sufficient commentary to help the user locate the most useful resource. Where possible, we have chosen review articles over original works and modern treatments over classic presentations. We made this decision for purely practical reasons, and we encourage the reader to consult Steve Resources in the following sections are organized first by level: popular material appears in section II while most U.S. undergraduate material appears in section III. Graduate general-relativity textbooks are found in section IV while more specialized material is presented in sections V-VIII. However, some of the material in these latter sections is also of intermediate level, accessible to advanced undergraduate students. We have then attempted to sort the more specialized papers by topic. This task is far from straightforward, as many excellent reviews overlap several obvious categories. The result is that many resources are cross-referenced, typically by adding a note to "see also ref. nnn." The reader is well-advised to do so.
We have arranged the specialized material as follows: Section V contains resources dealing with black holes in astrophysics. This includes observations of black holes, models of astrophysical processes involving black holes, and the implications of these models.
Section VI then addresses well-established mathematical physics describing the statics, dynamics, and thermodynamics of black holes. The focus here is on classical black-hole physics such as the treatment and classification of black holes in general relativity and related theories (in a variety of dimensions), their perturbations and stability properties, their formation and interaction through collisions, the production of gravitational radiation and the relation to gravity-wave detectors, and black-hole thermodynamics. In addition, however, section VI D includes broadly accepted material on quantum field theory in curved spacetime and the associated Hawking radiation. Such subjects are deeply connected to the thermodynamics of black holes and are addressed in much of the same lit-erature. Discussions of the possible production of black holes in particle collisions has also been included in section VI E.
In contrast, those references that concern the deep quantum microphysics of black holes have been placed in section VII. Such resources are more speculative, at least in the sense that they typically make assumptions about the quantum nature of gravity that are beyond the reach of current experiments. We therefore separate this material from that of section VI D, even though Hawking radiation is again a common theme. Finally, we have collected connections to nuclear and condensedmatter physics in the short section VIII. Such connections include the use of established fluid dynamics and condensedmatter physics to describe certain analogues of black holes, as well as current attempts to use black-hole physics (and string theory) to describe as yet poorly understood effects in both nuclear and condensed-matter physics. Here the emphasis is again on classical black-hole physics but in novel, and sometimes somewhat speculative contexts.
A. Basic Resources and Notation
Perhaps the most important information we can convey is how the reader might find and access useful works that will appear only after the publication of this Resource Letter. Webbased search engines continue to make this more and more possible, but it is worthwhile to point out a few places to start. When entering a new subject, it is natural to begin with a review article. Several journals are dedicated entirely to such reviews, and one may begin by searching their websites. Certain online tools are also of particular help in locating reviews. Some suggestions are:
Living Reviews in Relativity.
This online journal publishes only review articles on gravitational physics. As you might guess, a large fraction of its contents deal with black holes, making it a prime resource. Indeed, many of the articles described below are from this journal.
Reviews of Modern Physics.
A review journal published by the American Physical Society. Topics covered span all of physics.
Physics Reports.
A review journal by Elsevier. Topics covered span all of physics.
4. HEP Reviews at SPIRES, www.slac.stanford.edu/spires/reviews/. An ongoing project to index online reviews in high-energy and theoretical physics. Black holes are currently category Id2. This website also explains how to perform a more general search of the SPIRES database for relevant review articles. The resources that we list below should not be hard to locate. Most appear in journals that can be found in a typical university library or online. In addition, most also include an "Arxiv identifier" either of the form [arXiv:astro-ph/yymmnnn] or [arXiv:yymm.nnnn [astro-ph] ], with astro-ph perhaps replaced by qr-qc, hep-th, or hepph. These reference numbers refer to the online physics archive currently maintained by the Cornell University Library: arxiv.org/. Many papers can be found here by using the search feature. To find the precise desired work, simply search by "identifier" and enter it into the search box: e.g., astro-ph/yymmnnn in the first (older style) numbering system or simply yymm.nnnn in the second system. Here yy denotes the year, mm the month, and nnn or nnnn the number assigned to the work when it was uploaded to arxiv.org.
The
As a final remark, the reader should be aware that two acronyms are frequently used in the text below: General Relativity is abbreviated "GR," and "AGN" refers to Active Galactic Nuclei. We have otherwise attempted to make the comments following each resource as approachable as possible by the general reader.
II. POPULAR MATERIAL
Material in this section should be accessible to persons with a high school or college-level education without specialized training in physics. The goal of these works is typically to convey the general idea of the subject, without going into technical details. Certain resources are nevertheless somewhat demanding of the reader. The reader can find a number of interesting black-hole articles in popular-science publications such as Scientific American, Physics World, Physics Today, New Scientist and, at a slightly more advanced level, Science and Nature. Some fairly recent articles are listed below, but there is no doubt that more will appear in the near future. We have sorted these articles roughly into those that emphasize the astrophysics of black holes and those emphasizing fundamental aspects of theoretical physics. 198-198 (2005) [arXiv:gr-qc/0410054]. Ashtekar gives a broad overview of loop quantum gravity for the nonexpert. After introducing the basic ideas, section IIIB addresses black hole entropy in loop quantum gravity. The article should be accessible to students familiar with undergraduate quantum mechanics, the description of electromagnetism via 4-vector potentials, and some knowledge of GR.
Astrophysics
34. "Black Holes and Quark Confinement," E. Witten, Current Science 81, 1576-1581 (2001) . Witten takes the reader on a tour of ideas ranging from strings to quarks to black holes and the AdS/CFT duality. The climax is the fusion of these ideas into a stringy derivation of quark confinement in theories mathematically similar to, but still different than the QCD that describes the strong interactions of our universe. 
B. General Relativity Textbooks
A number of excellent GR textbooks are now available at the U.S. undergraduate level, each with a good treatment of black-hole physics. The texts differ in terms of both perspective and level of sophistication, but each one provides what is in principle a self-contained introduction. We have ordered the books below roughly in terms of level of presentation. versity Press, Cambridge, 2003) . This excellent book emphasizes gravity, and its interactions with astrophysics. Assuming only high-school math and physics, Schutz addresses the solar system, the birth and life cycle of stars, relativity, cosmology, gravity waves, and gravitational lenses. The chapter on black holes summarizes a wide range of physics from accretion and black hole growth to Hawking radiation and black-hole entropy. (E/I)
Gravity from the ground up, B. Schutz (Cambridge Uni

Notes on Relativity and Cosmology, D. Marolf (2003).
Available on-line at www.physics.ucsb.edu/Smarolf/MasterNotes.pdf. Designed to convey understanding of relativity using only elementary calculus, these notes first thoroughly treat accelerated reference frames in special relativity. Spacetime diagrams are favored over calculations. GR is introduced by piecing together such frames using the equivalence principle. The chapter on black holes emphasizes similarities between horizons and accelerated frames in flat spacetime, and also summarizes ref. 
IV. ADVANCED MATERIAL: GENERAL
Good introductions to black-hole physics can be found in many general-relativity textbooks, of which a large number are available at the U.S. graduate-student level. Some of our favorites are described below. Unless otherwise noted, these books require a thorough understanding of undergraduatelevel classical mechanics but do not presume knowledge of more advanced material. Sections V-VIII provide a guide to particular topics in black-hole physics and include a few more specialized texts. 
A First Course in General Relativity
V. ASTROPHYSICAL BLACK HOLES
It is now thought that almost all galaxies contain "supermassive" black holes at their centers, millions or even billions of times more massive than the Sun. Some of these objects power the most energetic (nonexplosive) phenomena in the universe, such as active galactic nuclei (AGN) and quasars. Others, like the black hole at the center of the Milky Way, are much more quiet. Galaxies are also thought to contain many examples of stellar-mass black holes, with masses a few times greater than that of the Sun, which are the evolutionary endpoint of very massive stars.
While we cannot observe black holes directly, we can observe and measure their effects on the surroundings. In fact, black holes are extremely efficient at converting the gravitational potential energy of in-falling gas into radiation. Except under special circumstances, the gas that falls into a black hole (be it interstellar/intergalactic gas, or supplied by a companion star) does not plunge in directly; instead it forms what is known as an accretion disk. The inner disks of supermassive black holes reach thousands of degrees Kelvin, while stellarmass black holes can heat their disks to millions of degrees, where they emit in the X-ray part of the spectrum.
After listing a few basic texts in section V A, in sections V B-V D we organize other resources by whether the relevant black holes are stellar mass, supermassive, or of intermediate mass scale(between the former two). Material concerned with specific astrophysical sources, most notably the supermassive black hole in the center of our own galaxy, appears separately in section V E. , 1983) . This excellent textbook brings together different branches of physics -from nuclear physics, to hydrodynamics, to special relativity and GR -to understand the birth, evolution and death of a massive star under the special circumstances that lead to the formation of a binary star system hosting a relativistic compact object. (A)
54. "Black holes in binary systems. Observational appearance," N. I. Shakura and R. A. Sunyaev, Astron. Astrophys., 24, 337-355 (1973) . In this seminal paper, Shakura and Sunyaev explain how, in a binary system made of an evolved star that transfers part of its envelope mass to a black hole, the outward transfer of angular momentum leads to the formation of a disk around the black hole. (A)
55. "Image of a spherical black hole with thin accretion disk," J.-P. Luminet, Astron. Astrophys., 75, 228-235 (1979) . This work summarizes the observational evidence for the presence of an event horizon in stellar-mass black holes by comparing the luminosities of black holes and neutron stars accreting mass at low rates. If the accretion flow has a low enough density, the gravitational potential energy can remain trapped in the flow. In the case of a neutron star, half of that energy will be released as X-rays upon impact on the star surface. Instead, the energy will be advected across the event horizon in the case of a black hole. Indeed, this luminosity gap has been observed in X-rays. (A)
59. "Gamma-ray bursts from stellar mass accretion disks around black holes," S. Woosley, Astrophys. J. 405, 273-277 (1993) . Gamma-ray bursts are the most energetic, explosive astrophysical events we know of. In a flash lasting few ticks of a clock, more energy is released than over the entire Sun lifetime. Woosley's model for the production of (long) gamma-ray bursts involves the formation of a stellar-mass black hole as the evolutionary endpoint of Wolf-Rayets, i.e. a particular class of massive stars. 471-506 (1984) . An inspired -and inspiring -work that reviews the body of evidence for supermassive black holes as the power engine for AGN: quasars, radio galaxies, blazars, and related objects. 
66.
Energy input from quasars regulates the growth and activity of black holes and their host galaxies, T. Di Matteo, V. Springel, L. Hernquist, Nat. 433, 604-607 (2005) [arXiv:astro-ph/0502199]. The evolution of galaxies along with their nuclear supermassive black holes has been followed by means of detailed numerical simulations. It is found that a galaxy-galaxy merger leads to a massive enhancement of the inner accretion rate, enough to switch on the nuclear black hole as a quasar. In turn, the energy release by the quasar is able to quench star formation and halt further growth. This self-regulatory mechanism sets the quasars' duty cycle and may be able to explain the em- is a (planned) space-based gravitational-wave observatory. Detecting gravitational waves from supermassive blackhole binaries will have tremendous impact on our understanding of gravity in the highly nonlinear relativistic regime, as well as the formation and evolution of galaxies in a cosmological context. This review focuses on the effects of black-hole spin on the expected LISA gravitational-wave signal, and describes how accounting for these effects can substantially reduce the uncertainties on other parameters, such as the reduced mass. (A) Throughout this section, we list a number of journal papers that report on observational milestones on specific black-hole sources, or an ensemble of them. The two last entries are devoted to the case for a 3-4 million solar-mass black hole at the center of our own Milky Way. This list is not meant to be complete, but simply to offer a glance at groundbreaking astrophysical discoveries.
"Observation of a Correlated X-Ray Transition in Cygnus
X-1," H. Tananbaum et al., Astrophys. J. 177, L5-L5 (1972) . X-ray astronomy began only in the early 1960's. The first rocket flight to detect a cosmic X-ray source was launched in 1962 by a group at American Science and Engineering. In the 1970s, the dedicated X-ray satellite "Uhuru" repeatedly observed a newly discovered Xray source in the Cygnus constellation over a period of 16 months. Its X-ray flux was found to vary significantly, and in correlation with its radio counterpart. The first "blackhole state transition" (see ref. 56) had just been discovered.
74. "X-ray fluorescence from the inner disc in Cygnus X-1," A. C. Fabian et al., Mon. Not. R. Astron. Soc. 238, 729-736 (1989) . It is argued that the broad emission line in the Xray spectrum of the 10-solar-mass black-hole candidate in Cygnus X-1 is well accounted for by a model of fluorescent emission from the inner parts of an inclined accretion disk. 127-129 (1995) . Along with the nucleus of the Milky Way (refs. 81,82) , this galaxy presents the best known case for a super-massive black hole. Here the central dark mass is weighed by reconstructing the line-of-sight velocity profile of water-maseremitting gas orbiting around it. Since water-maser emission is a narrow feature, the line-of-sight velocity can be determined from the Doppler shift variations of the observed maser frequency. The emission regions trace Keplerian orbits which allow one to estimate the enclosed mass as a function of radius, and hence the dark mass density. NGC4258 is thought to host a 40 million solar mass black hole. (I)
F. Image Galleries: Black Holes from Space
This is all well and fine, one may say. But what is it that we actually see when we go up there, outside of Earth's atmosphere? Browsing the following websites, the reader will be taken through a journey of the universe as seen by NASA's three "Great Observatories." 
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VI. STATICS, DYNAMICS, AND THERMODYNAMICS OF BLACK HOLES
This section addresses the well-established mathematical physics of black holes. We have attempted to impose some structure on this highly interconnected body of knowledge by dividing the material as follows: Section VI A deals with the statics of black holes, including the construction of stationary solutions, no-hair and uniqueness theorems, some work on hairy black holes, and definitions of horizons. Perturbations, quasi-normal modes, and stability of stationary solutions is addressed in section VI B. We have chosen to include the important subject of extreme-mass in-spirals and the calculation of gravity-wave production by post-Newtonian expansions in this section. Section VI C then considers the strongly nonlinear dynamics of black holes associated with critical phenomena or with black-hole collisions. Most of our discussion of numerical GR can be found here, as is the associated material on gravity waves. Section VI D contains resources on black-hole thermodynamics, quantum-field theory in curved spacetime, and the associated description of Hawking radiation. More microscopic treatments of Hawking radiation and black-hole entropy are postponed to section VII. Sections VI A-VI D focus primarily on black holes in d = 4 spacetime dimensions; resources on black holes in other spacetime dimensions have been collected in section VI E. We have chosen to include discussions of possible black-hole production at particle colliders in this latter section.
The reader should be aware of a few peculiarities that result from this organization. Resources on gravity-wave production by black holes appear in both sections VI B and VI C. Resources on isolated and dynamical horizons appear in sections VI A, VI C, VI D, and also in section VII B. There is also much overlap between section VI E (black holes in d = 4 dimensions) and sections VI D, VII A, and VIII, and between sections VI D (thermodynamics) and VII C (where we have chosen to locate discussions of entropy bounds and the proposed holographic principle, as well as Jacobson's work (ref. 149) on the Einstein equation of state). We apologize to the reader for any confusion this may cause. Acta, 69, 529-552 (1996) . For a related online version see: "Uniqueness of Stationary, Electro-Vacuum Black Holes Revisited," P.T. Chrusciel (October, 1996) [arXiv:gr-qc/9610010 ]. An important property of black holes is that, when left to themselves, they settle down to solutions described by only a few parameters, most importantly their mass M and angular momentum J. In other words, the surface of a black hole must be very smooth; even in principle, the surface of a black hole cannot support mountains, valleys, or other complicated features. One says that black holes "have no hair." These papers review and complete classic work on the no-hair theorems. Reviews in Relativity (1999), http://relativity.livingreviews.org/Articles/lrr When a black hole is perturbed, it "rings" with a characteristic set of frequencies. However, the amplitude at each frequency decays as energy falls through the horizon and radiates to infinity. As a result, the solutions associated with this ringing are called "quasi-normal" modes. Kokkotas and Schmidt review such perturbations for both black holes and relativistic stars, and in the process review the stability of black holes. See also ref. 92. "Extreme Mass Ratio Inspirals: LISA's unique probe of black hole gravity," K. Glampedakis, Class. Quant. Grav. 22, S605-S659 (2005) [arXiv:gr-qc/0509024]. The proposed LISA gravitational-radiation detector is expected to be sensitive to gravity waves produced when stars or stellar-mass black holes spiral into supermassive black holes. In such cases the extreme ratio between the two black-hole masses provides a small parameter that allows controlled calculations of both these gravitational waves and the back-reaction on the small body's orbit. This review begins with free-particle motion on the black-hole background and builds up toward more complicated calculations. ( , 1986) . This compilation of classic papers shows that black-hole horizons respond to outside perturbations like a two-dimensional viscous fluid or membrane. The horizon conducts electricity but (at least classically) does not conduct heat. As a result, horizons are described by both the Navier-Stokes equations and Ohm's law. (A)
96. "The internal structure of black holes, W. Israel, in Black holes and relativistic stars edited by R. Wald (U. of Chicago Press, Chicago, 1998) 137-151. Analytic solutions for charged and rotating black holes contain a socalled Cauchy horizon at which predictability appears to break down. However, this Cauchy horizon is unstable to the formation of a singularity (where quantum effects clearly become relevant). This concise summary of blackhole interiors provides a good introduction and guide to the pre-1998 literature on Cauchy-horizon instabilities and the resulting phenomenon of mass inflation. See also "The interior of charged black holes and the problem of uniqueness in general relativity," M. 161-170, (1973) . This seminal paper derives a "first law of black-hole mechanics" with striking similarities to the first law of thermodynamics. The authors argue that black holes also satisfy analogues of the 0th, 2nd, and 3rd laws of thermodynamics. 199-220 (1975) . Hawking shows that, due to quantum effects, black holes emit thermal radiation at (very low) temperatures set by their so-called surface gravity. This is the original paper on such Hawking radiation. Marolf, arXiv:gr-qc/9908045. A brief introduction to stringy branes, intended to convey some basic aspects of brane physics and perspectives on string theory to those trained in GR. (E/I/A) 125. "Black holes at future colliders and beyond: A review," G. L. Landsberg, arXiv:hep-ph/0211043. If our universe has more than four dimensions, then it may be possible to produce black holes at particle colliders, or they may be produced naturally in our atmosphere owing to the impacts of cosmic rays. Landsberg reviews the status of these ideas as of 2002, including the signatures of such events that could be used to detect them. 
VII. BLACK-HOLE MICROPHYSICS
The resources below address the deep microphysics of black holes. The reader should be aware that most of these works make certain assumptions about the quantum nature of gravity and spacetime that are beyond the reach of current experiments. We have attempted to sort this material on the basis of these assumptions into string theory (section VII A), loop quantum gravity (section VII B), and other (section VII C). Section VII C includes not only other approaches to quantum gravity, but also discussions of entropy bounds, the proposed holographic principle, black-hole complementarity, and Jacobson's work on the Einstein equation of state ref. 149 .
Certain overlaps and ambiguities are of course unavoidable. The string-theory material is closely related to that of sections VI E (higher dimensions) and VIII and has at least historical connections to some material in section VII C, while the loop gravity work below is intimately tied to the treatments of isolated and dynamical horizons refs. Near a phase transition these effects should be described by a strongly coupled conformal field theory. As such, they may be amenable to study via the AdS/CFT correspondence. These papers begin what will surely be a long process of attempting to do so. (A)
